Objectives-To evaluate the parenchymal elasticity of the thyroid gland with acoustic radiation force impulse imaging in pediatric patients with Hashimoto thyroiditis and to compare it with healthy volunteers.
A coustic radiation force (ARFI) imaging is an ultrasound (US)-based technique, which evaluates the elastic properties of tissues with the advantages of noninvasiveness, a reasonable price, safety, and convenience.
1,2 A short-term (0.03-to 0.4-millisecond), high-power (2.67-MHz frequency) acoustic compressive radiation force is applied on the tissue within a region of interest, causing small displacements in the tissue (1-10 lm). The speed of progression of this wave is measured with high-speed advanced US sampling techniques and called shear wave velocity (SWV). The SWV is directly proportional to the stiffness of the tissue. The velocity values obtained show the objective tissue elasticity because the force applied on the tissue is constant, and the only variable is the SWV. [3] [4] [5] [6] Hashimoto thyroiditis is the most common cause of acquired hypothyroidism in children and adolescents. Girls are affected 4 times more often than boys. This condition is an organ-specific autoimmune disease with lymphocytic infiltration of the thyroid gland. [6] [7] [8] The pathologic process continues with the fibrosis in the thyroid gland, which results in increased tissue stiffness. [5] [6] [7] The aim of this study was to evaluate the microstructural changes, including inflammation and fibrosis, in the thyroid gland in Hashimoto thyroiditis with ARFI elastography as well as to determine the utility of the acquired data in the diagnosis and follow-up of these patients. The literature shows only a limited number of studies on this topic, which analyzed adult patients. To our knowledge, this work was the first study performed with children.
Materials and Methods

Patients
Twenty-six patients with Hashimoto thyroiditis and 26 healthy control volunteers were included in this study. This prospective study was approved by our hospital's Ethical Board in accordance with the 1975 Declaration of Helsinki, and written consent was obtained from all patients and parents. Hashimoto thyroiditis was diagnosed by high levels of anti-thyroperoxidase (TPO) and anti-thyroglobulin (TG) anticores and also by diffuse hypoechogenicity of the thyroid gland of children with normal or decreased thyroid hormone levels. Children who had normal thyroid function test results (thyrotropin [TSH] and thyroxine [T4]) and normal thyroid autoanticore levels were included in the control group. All children in the control group had normal thyroid gland parenchyma on US imaging. Children with thyroid nodules detected on US examinations were excluded from both groups.
All children were asked about L-T 4 treatment. Some patients in the Hashimoto group were followed without any medication because they had subclinical hypothyroidism with normal T 4 and increased TSH levels, whereas others received L-T 4 treatment for euthyroidism.
B-Mode and ARFI Elastography
All B-mode and ARFI elastographic examinations were done with a Virtual Touch tissue quantification application on an Acuson S2000 US system (Siemens Medical Solutions, Mountain View, CA) equipped with an ARFI function. Acoustic radiation force impulse elastographic measurements were performed by a pediatric radiologist with 12 years of experience, including 3 years with elastography. A high-frequency linear transducer (18 MHz) was used for B-mode examinations. The 3 dimensions of the thyroid gland in the entire study population were measured, and thyroid volume was calculated. The volumes of the right and left lobes were calculated by the following formula: width (centimeters) 3 length (centimeters) 3 depth (centimeters) 3 0.523. The total volume was the sum of the right and left lobe volumes. The volume of the isthmus was excluded. The total thyroid volume in each patient was compared with upper-level values determined for specific age groups by the World Health Organization (WHO) and patients with thyroids larger than the reference values were classified as having thyromegaly ( Table 1 ). The thyroid volume reaches its normal adult size at about 15 years. 9 The vascularity of both lobes was determined on the basis of a visual scale according to the classification previously created by Schulz et al 10 (Table 2 ). Pattern 0 is accepted as normal thyroid vascularity and other patterns as increased vascularity.
The ARFI elastographic examinations were performed with a 9-MHz linear transducer, and measurements were taken from both lobes of the thyroid gland. A longitudinal section was used for the measurements to avoid the effects of carotid pulsation on the SWV. The region of interest (5 3 5 mm) was put on the widest side and the midportion of the gland seen on the longitudinal section ( Figure 1 ). By using enough US gel, the measurements could be performed with minimal pressure to the tissue. The patients were told to hold their breath to avoid any vibration of the trachea during the measurements. Five SWV measurements were done in each thyroid lobe, and the SWV values were recorded in meters per second. 11 The harmonic mean was calculated for both thyroid lobes and for each patient.
Statistical Analyses
Statistical analyses were performed with SPSS version 18.0 software for windows (IBM Corporation, Armonk, NY). The data are presented as mean 6 standard deviation, range, frequency, and percent. The Shapiro-Wilk test was used to analyze the normal distribution assumption of the quantitative outcomes. To compare 2 dependent groups, we used a paired t test for normally distributed data. To compare 2 independent groups, we used a t test for normal data and the Mann-Whitney U test for non-normal data. The Spearman rank correlation test was used for the determination of correlations. Results were evaluated by the nonparametric KruskalWallis test for comparisons between groups. To compare 2 groups, we used the Bonferroni-corrected MannWhitney U test. A receiver operating characteristic curve was used to illustrate and evaluate the diagnostic performance of data. The area under the curve was evaluated as the measure of a diagnostic test's discriminatory power. Confidence intervals can be computed for the area under the curve. In this article, the sensitivity, specificity, and positive and negative predictive values were evaluated. The frequencies were compared by the continuity correction v 2 and Fisher exact tests. P < .05 was considered statistically significant.
Results
The 26 patients with Hashimoto thyroiditis included 24 girls (92.3%) and 2 boys (7.7%) with a mean age of 13.19 6 2.77 years (range, 6-17 years) and a mean body mass index of 23.13 6 5.62 kg/m 2 . The 26 healthy control participants included 24 (92.3%) girls and 2 boys (7.7%) with a mean age of 12.77 6 2.82 years (range, 9-17 years) and a mean body mass index of 19.24 6 3.73 kg/m 2 . The age and sex distributions in the patients with Hashimoto thyroiditis and controls were similar (P > .05). The thyroid gland parenchyma was diffusely hypoechoic in all patients with Hashimoto thyroiditis. The thyroid gland volume was normal in all participants in the control group. In the Hashimoto thyroiditis group, the thyroid gland volume was increased in 46.2% of the patients. Demographic properties, thyroid gland features, and laboratory findings in the study population are given in Table 3 .
The mean SWV of the thyroid gland in patients with Hashimoto thyroiditis (1.67 6 0.63 m/s) was Ultrasound gel was applied between the transducer the skin. Diffuse heterogeneity and hypoechogenicity is shown in the thyroid parenchyma.
significantly higher than that in healthy controls (1.30 6 0.13 m/s; P < .001; Figure 2 ). The receiver operating characteristic curve analysis showed an optimal SWV cutoff value of 1.41 m/s, with 73.1% sensitivity, 80.8% specificity, a 79.2% positive predictive value and a 75.0% negative predictive value (area under the curve, 0.806; P < .001; Figure 3) . In both groups, the mean SWV of the right and left thyroid lobes did not show any significant difference (Table 4 ). In patients with Hashimoto thyroiditis, the mean SWV was compared between patients with an increased thyroid gland volume (1.76 6 0.33 m/s) and a normal volume (1.47 6 0.26 m/s). The difference between those groups was not significant (P 5 .10). Also, there was no significant difference between the mean SWV of the thyroid gland in patients with increased vascularity (1.70 6 0.35 m/s) versus normal vascularity (1.35 6 0.20 m/s) in the thyroid gland (P 5 .78).
There was a positive correlation between the anti-TPO values versus the SWV in patients with Hashimoto thyroiditis (Pearson r 5 0.46; P 5 .038). There were no correlations between age, body mass index, anti-TG levels, and thyroid function test results.
The mean SWV was 1.69 6 0.38 m/s in patients with Hashimoto thyroiditis patients who received L-T 4 , whereas in patients with Hashimoto thyroiditis who did not receive medication, the mean value was 1.66 6 0.34 m/s. The difference between the SWVs in these groups was not significant (P 5 .90).
Discussion
This study showed a higher SWV in children with Hashimoto thyroiditis compared to control participants. To the best of our knowledge, there are no studies in the literature about the use of ARFI in pediatric patients with Hashimoto thyroiditis. There were only a limited number of studies in adults, and only a few of these were performed with ARFI elastography. 5, [11] [12] [13] [14] [15] In a study by Sporea et al, 11 the mean SWV of the thyroid gland in patients with Hashimoto thyroiditis (2.43 6 0.58 m/s) was found to be significantly higher than that in healthy participants (2.00 6 0.40 m/s). Similarly, Hekimoglu et al 14 found that patients with Hashimoto thyroiditis had significantly higher SWV values (2.56 6 0.30 m/s) compared to healthy controls (1.63 6 0.12 m/s). Fukuhara et al 15 also found the mean SWV of the thyroid gland in patents with Hashimoto thyroiditis to be 2.56 6 0.29 m/s, and the value in healthy controls was 1.59 6 0.41 m/s. The results of this study, with a higher mean SWV in the thyroid gland of patients with Hashimoto thyroiditis, are consistent with these studies. Hashimoto thyroiditis is an autoimmune disease caused by lymphocyte infiltration and fibrosis of thyroid parenchyma, resulting in hypothyroidism. The fibrotic changes account for the high SWV values in Hashimoto thyroiditis. 15 When previously mentioned studies are evaluated, the mean SWV of the thyroid gland changes in ranges of 1.59 to 2.00 m/s in healthy individuals and 2.43 to 3, 8, 16, 17 In this study, the mean SWV values of the healthy controls and the patients with Hashimoto thyroiditis were 1.30 6 0.13 and 1.67 6 0.63 m/s, respectively. The mean SWV values were lower compared to the adult studies performed previously. To our knowledge, this work was the first study evaluating the SWV of thyroid glands in pediatric patients with Hashimoto thyroiditis and also the SWV of thyroid glands in healthy children.
The pathologic process of Hashimoto thyroiditis has different stages, and the amount of fibrosis differs according to the stage. Most of the patients in this study were in the early stages, which showed high vascularity, which may have been the reason for lower SWV values due to the low amount of fibrosis. The lower SWV values in the healthy controls may have been the result of microstructural changes in the thyroid gland. To highlight this issue, further studies including different Hashimoto thyroiditis stages, patterns of thyroid gland vascularity, and age groups may be useful. This study used the harmonic mean instead of the arithmetic mean, which is used more commonly because we are dealing with speed. The difference between these parameters is that the arithmetic mean calculates an average speed based on time, whereas the harmonic mean is based on distance. The harmonic mean is always slightly lower than the arithmetic mean. The previously mentioned studies did not specify the type of mean, but we assume that the arithmetic mean was used. We do not assume that this factor was why the SWV values were lower in this study, although the difference was much more than a slight difference expected between arithmetic and harmonic means.
In the studies evaluating adults with Hashimoto thyroiditis, the optimal cutoff value of the SWV for differentiating patients with Hashimoto thyroiditis from controls ranged between 1.96 and 2.42 m/s, with various sensitivity and specificity values. 5, 11, 14, 15 The optimal cutoff value in this study was 1.41 m/s, with 73.1% sensitivity, 80.8% specificity, a 79.2 % positive predictive value, and a 75.0% negative predictive value (area under the curve, 0.806; P < .001).
In support of already existing literature, this study found no significant difference between the SWV values of the right and left lobes of the thyroid gland in both the patients with Hashimoto thyroiditis and the healthy controls. 5, 11, 12, 14, 15 Therefore, measurement of a single lobe is assumed to be enough. Although there is no exact Data are presented as mean 6 SD. data on the number of measurements in the literature, Sporea et al 11 found no significant difference between 5 and 10 measurements. We performed 5 measurements from each thyroid lobe in light of this knowledge.
This study found a positive correlation between the SWV of thyroid parenchyma and the anti-TPO level. There was no correlation between thyroid function test results, the anti-TG level, and the SWV of the thyroid gland. As in our study, previous studies reported no correlation between TSH and anti-TG levels versus the SWV of the thyroid gland and found a low or moderate correlation between the anti-TPO level versus SWV. 11, 12, 15 In patients with Hashimoto thyroiditis, there was no significant difference between the SWV of patients receiving L-T 4 treatment and those who did not. Ruchala et al 13 also did not find any effect of L-T 4 treatment on the SWV of the thyroid gland.
Among the patients with Hashimoto thyroiditis, the SWV of the thyroid gland showed no significant difference for increased thyroid volume (P 5 .10) and increased gland vascularity (P 5 .78). In both groups, with increased volume and increased vascularity, SVW values increases, even though the difference was not significant, which may have been attributable to the small patient population. In Hashimoto thyroiditis, increased fibrosis and lymphoid tissue result in an increased weight and volume of the thyroid gland. 17 We suggest that the SWV of the thyroid gland may also be useful for defining the severity of Hashimoto thyroiditis, suggesting that the higher the SWV, the more severe the Hashimoto thyroiditis. Further studies with larger patient populations may support this finding.
The previous studies also evaluated chronic autoimmune disease, including Graves disease and multinodular goiter, in addition to Hashimoto thyroiditis. 5, 11 Those other diseases also had similar SWVs as Hashimoto thyroiditis. 5, 11 This finding suggests that ARFI elastography may be useful for differentiating normal versus pathologic thyroid glands and follow-up of patients with Hashimoto thyroiditis, instead of diagnosing Hashimoto thyroiditis.
There were some limitations in this study. In particular, the patient population was relatively small. To our knowledge, this work was the first and a preliminary study using ARFI elastography in children with Hashimoto thyroiditis. Further studies in children with Hashimoto thyroiditis evaluating the microstructural changes in the thyroid gland by ARFI elastography should be performed.
In conclusion, patients with Hashimoto thyroiditis had higher thyroid SWV values on ARFI elastography compared to healthy controls. The optimal cutoff value was defined as 1.41 m/s, with 73.1% sensitivity, 80.8% specificity, a 79.2% positive predictive value, and a 75.0% negative predictive value. Acoustic radiation force impulse elastography seems to be a good predictor of diffuse thyroid gland disease. It may be useful in routine clinical practice immediately after standard US evaluations and may deliver information for selection of cases requiring additional investigations.
